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a  b  s  t  r  a  c  t
The  changes  in  the physical,  bio-chemical  and  physiological  characteristics,  and  enzyme  activities  of
sucrose  metabolism  during  growth  and  development  in  mango  fruit  cv. Jinhwang  were  investigated.
Fruit  was  harvested  at ﬁve  stages  i.e.,  50,  80,  110 and  140  days  after  anthesis  (DAA).  Several  changes
in  the  fruits  were  analyzed.  The  physical  parameters  like  the  fruit weight,  width  and  length  increased
throughout  the  growth.  In turn,  fruit  ﬁrmness,  titratable  acidity  (TA)  and starch  accumulation  increased
during  the initial  growth  stage  and  later  then  decreased  during  maturity.  Total  soluble  solids  (TSS)  tended
to decrease  throughout  fruit development.  Respiration  rate  and ethylene  production  were  higher  at  50
DAA  compared  to other  growth  stages.  Sucrose  accumulation  occurred  later  in  the  fruit development,
however  fructose  was  the  dominant  of  the  soluble  sugars.  Starch  accumulation  was  related  to  the  reduc-
tion of sucrose  phosphate  synthase  (SPS),  acid invertase  (AI)  and  neutral  invertase  (NI)  activities,  whereasango sucrose  synthase  activity  was increased.  Moreover,  the AI  and  NI  are  the  dominate  enzymes  that  plays  a
major  role  in  sugar  accumulation  and  quality  of  mango  fruit. Therefore,  mango  fruit should  be  harvested
after physiological  maturity  at 110 DAA,  when  the  fruit  reach  the  optimum  size, weight  and  starch  con-
tent  including  maximum  value  of ﬁrmness,  TSS,  fructose  content,  minimum  value  of  TA,  low  respiration
rate  and  the lowest  of ethylene  production.
© 2015  Published  by  Elsevier  B.V.  on  behalf  of Royal  Netherlands  Society  for  Agricultural  Sciences.. Introduction
Mango (Mangifera indica L.) cv. Jinhwang, is a commercial variety
n Taiwan which has a high value as export [1]. This cultivar is an
verage weight of 1,200 grams, is elongated and oval shape, small
tone. In addition, this cultivar has highly resistant to diseases and
nsects, and also tolerates adverse weather conditions. All of these
dvantages value to the plant improvement [2]. It is necessary to
easure the physical, bio-chemical and physiological variables that
Abbreviations: DAA, days after anthesis; TA, titratable acidity; TSS, total soluble
olids; SPS, sucrose phosphate synthase; SS, sucrose synthase; AI, acid invertase; NI,
eutral invertase.
∗ Corresponding author. Department of Plant Industry, National Pingtung Univer-
ity  of Science and Technology (NPUST), 1, Shuefu Road, Neipu, Pingtung, 91201,
aiwan R.O.C. Tel.: +886 8774 0138; fax: +886 8770 4186.
E-mail addresses: p9822014@mail.npust.edu.tw, lske@mail.npust.edu.tw
L.-S. Ke).
ttp://dx.doi.org/10.1016/j.njas.2014.10.001
573-5214/© 2015 Published by Elsevier B.V. on behalf of Royal Netherlands Society for Ahave been examined to deﬁne the optimal stage of maturity for
harvest [3]. The measurement of maturity is important to harvest
fruit to have good postharvest quality. There have been numerous
studies investigating the physical, bio-chemical and physiological
changes of several fruits during growth and development. Several
mango fruit is harvested before the onset of the climacteric but,
when physiologically mature stage at 105-112 days after fruit set,
to get optimum fruit quality, whereas immature fruit do not ripen
normally [4]. The suitable maturity for harvesting Jinhwang cultivar
at 120 to 130 days after anthesis (DAA) [5]. TSS increases slightly at
the mature-green stage. The ﬁrmness of the fruit remains almost
constant throughout the growth period and fruit become less ﬁrm
after maturity [4]. Starch accumulation is a major chemical change
in mango fruit during growth and maturation [6].Total sugars (sucrose, fructose, glucose) are one of the bio-
chemical components of fruit quality [7] which is related to sink
strength and is important in fruit development [8]. Increase in
total sugar content during fruit maturity is dependent sucrose
gricultural Sciences.
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ccumulation [9]. Several enzymes are involved in sucrose
etabolism [10]; Sucrose phosphate synthase (SPS; EC 2.4.1.14) is
 soluble enzyme located in the cytoplasm and plays a major role in
ontrol of sucrose biosynthesis because the hydrolysis of sucrose
hosphate by an accompanying speciﬁc phosphatase renders the
ynthetic irreversible reaction in favour of sucrose accumulation
11]. Sucrose synthase (SS; EC 2.4.1.13) and invertases (AI, NI; EC
.2.1.26) are sucrose-cleaving enzymes important for determining
ink strength [10]. The major role of SS during the active growth
hase is cleaved the sucrose moiety and also linked to cell wall
iosynthesis by providing UDP-glucose for the cellulose synthase
omplex and substrates for starch synthesis during fruit growth
nd development. Fruit invertases are involved in the degradation
f sucrose which catalyze the irreversible hydrolysis of sucrose to
lucose and fructose [12]. Acid invertase (NI; EC 3.2.1.26) is com-
artmentalized in the vacuole, the site of sucrose accumulation,
nd neutral invertase (NI; EC 3.2.1.26) is located in the cytosol, the
ite of sucrose synthesis [13].
However, those studies rarely particularized the optimum stage
f maturity for harvest. Moreover, authors have investigated
ucrose metabolism in climacteric fruits during ripening such as
anana [13] and mango [14] but studies of sucrose metabolism
uring growth and development of climacteric fruit such as mango
as been rarely explored. Therefore, the purpose of this study was
o investigate the changes in physical, bio-chemical and physio-
ogical at different stages of fruit growth and development. The
tudy of the enzyme activities in sucrose metabolism of mango
v. Jinhwang during fruit growth and development stages are also
ncluded. These types of studies will help breeders to develop new
ango breeding programs and determine the optimum harvest
ate for consumption and export.
. Materials and Methods
.1. Plant material
Mango fruit cv. Jinhwang (M.  indica L.) harvested at four devel-
pment stages [50,80, 110 and 140 days after anthesis (DAA)]
uring young fruit, intermediate and maturity stages from an
rchard in Pintung, Taiwan ROC. Fruit used to determine physiolog-
cal changes dipped in 1,000 l l−1 2-(4-thiazolyl) benzimidazole
or 15 min  to control a fungus (Colletotrichum gloeosporioides (Penz.)
acc.).
.2. Physical changes
Fresh weight measured using a precision balance model Mettler
oledo Classic light PL1501-S and was expressed in grams (g).
Fruit length and width were measured using a Vernier caliper
odel Mitutuyo 200 mm and were expressed in centimetres (cm).
Fruit ﬁrmness measured using a Shimadzu EZ test and a 0.5 mm-
iameter plunger set to pierce 1 cm depth. Readings were taken in
hree positions of fruit area and averaged was recorded in kilogram
orce (Kgf).
.3. Bio-chemical changes
Total soluble solids (TSS) measured by direct readings of mango
uice using a digital hand refractometer (Atago Pocket refracto-
eter PAL-1) with results expressed in oBrix. Measurement was
aken in three positions of fruit area.
Titratable acidity (TA) and pH were measured from ten grams ofango pulp was homogenized with 100 ml  of deionized water at
peed 2 for 30 s with an homogenizer (model Heidolph DIAX 900).
he homogenate was ﬁltered using a Whatman No. 1 ﬁlter paper.
5 ml  of extract was drawn from the ﬁltrate in a titratable acid cuprnal of Life Sciences 72–73 (2015) 7–12
using a pipette. TA and pH were measured using a Titrator Mettler
Toledo model DL53 and TA was  expressed as a percentage (%) of
citric acid following the procedure of Chen [15].
Soluble sugars (sucrose, fructose, glucose) were measured from
one gram of mesocarp tissues with 5 ml  of deionized water using
a 1:5 tissue-to-deionized water ratio was  ground in a chilled mor-
tar and pestle. The homogenates were centrifuged at 12,000 x g for
10 min  in a cooling centrifuge at 4 ◦C by using a high-speed micro
centrifuge model Hitachi Himac CF 15RX. The solution were ﬁltered
manually through PVDF microﬁltration membrane (hydrophilic
PVDF, 0.22 m pore size) model Millipore Millex-GV by using
syringes. A 10 fold dilution of the soluble sugar solution (0.1 ml
the soluble sugar solution with 0.9 ml  of deionized water) was pre-
pared. Thereafter, this solution (0.1 ml)  was injected using a smaller
syringe through a rubber septum in the Sugar Analyzer model DKK-
TOA SU-300 Version 1.4 following the procedure as modiﬁed from
Wang [16]. The total soluble sugar contents were expressed as mg
g−1 fresh weight (mg  g−1fw).
Starch content was measured from about 0.05 g of dried mango
sample which was dried by using a Freeze Dryer FD-series was
added to 5 ml of deionized water into the test tube and shaken at
120 rpm, 30 ◦C for 3 h by using reciprocating shaker bath. Then the
solution was  centrifuged at 12,000 x g for 10 min  (25 ◦C) and the
residue retained. The residue was dried in precision ovens at 70 ◦C
for 12 h. Then, 1 ml  of deionized water was  added to a centrifuge
tube and the contents were boiled in hot water bath for 15 min.
After cooling, 1 ml  of 9.2 N HClO4 (perchloric acid) was added to a
centrifuge tube and was shaken at 150 rpm, for 15 min. After that
the solution was  centrifuged at 5000 x g, 25 ◦C for 10 min (25 ◦C).
Afterwards, 20 l of supernatants was added, plus 0.5 ml  of 5%
phenol and 2.5 ml  of H2SO4 to each test tube and left for 30 min.
The solution was  measured at a wavelength 490 nm following the
procedure as modiﬁed from Dubois et al. [17] and Sadasivam and
Manickam [18] with glucose as the standard. Starch was expressed
as percent dry weight (%DW).
2.4. Physiological changes
Respiration rate and ethylene production were measured from
three fruit at each development stage. Fruit were weighed and indi-
vidually placed in a 5.3 L plastic container for the duration of the
trial and sealed with a plastic lid, and connected with ﬂow boards by
using the colorimetric method [19] at 20 ◦C. Then a 1 ml  gas sample
was withdrawn from the container by inserting the syringe through
the rubber septum. The gas sample was then analysed using a gas
chromatograph (GC, model Shimazu GC 8A) containing N2 car-
rier gas, a Silica Gel (80/100) column and a thermal conductivity
detector (TCD) with the operation of 80 ◦C column temperature,
100 ◦C injection temperature for determined respiration rate and
expressed in mg  CO2 kg−1 h−1. Ethylene production was deter-
mined using a GC containing N2 carrier gas, a Propack T (80/100)
column, and a ﬂame ionization detector (FID) with the operation
of 60 ◦C column temperature, 100 ◦C injection temperature and the
results were expressed in l C2H4 kg−1 h−1. The respiration and
ethylene production were measured once diary until fruit ripening
and senescence.
2.5. Enzyme activity
2.5.1. Enzyme extraction
Mango mesocarp tissues were sliced into mid-section, andapproximately 0.2-0.5 cm wide segment was  frozen immediately
in liquid N2. The samples were maintained at -80 ◦C until they were
used. The procedure of Castrillo et al. [14] was followed for enzyme
extraction.
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maturity [5]. The reduction in ﬂesh ﬁrmness reﬂects changes in cell
walls, which associates with the action of the hydrolytic enzymes
on the cell wall [24]. Cell wall degradation is the major factor thatO. Wongmetha et al. / NJAS - Wageninge
Frozen mango tissues were blended for 30 s with an
omogenizer (model Heidolph DIAX 900) using a ratio of 1:5
issue-to-buffer. The buffer contained 10 mM PBS [10 mM 1Na
Sodium phosphate monobasic) and 10 mM 2Na (sodium phos-
hate dibasic anhydrous), pH 7], 10 mM ascorbate, 1% (w/v)
olyvinylpolypyrrolidon (PVPP), 0.1% (v/v) Triton X-100, 20 mM 2-
ercapto ethanol (B-Me). The homogenate was  ﬁltrated by ﬁlter
ump through ﬁlter paper model Advantec 125 mm and cen-
rifuged at 12,000 x g for 20 min  in a cooling centrifuge at 4 ◦C
y using a high-speed micro centrifuge model Hitachi himac CF
5RX. The supernatant was kept in brown bottles and the residue
as blended for 30 s with an homogenizer (model Heidolph DIAX
00). The buffer contained 10 mM PBS [10 mM 1Na (sodium phos-
hate monobasic) and 10 mM 2Na (sodium phosphate dibasic
nhydrous), pH 7], 10 mM NaCl, 10 mM ascorbate, 1% (w/v) PVPP,
.1% (w/w) Triton-X 100, 20 mM 2-mercapto ethanol (B-Me). The
omogenate was ﬁltrated by ﬁlter pump through ﬁlter paper and
entrifuged at 12,000 x g for 20 min  in a cooling centrifuge at 4 ◦C
nd the supernatants were mixed together. Ammonium sulphate
(NH4)2SO4] was added in supernatants and was dissolved and
recipitated by gradually centrifuging at 12,000 x g for 30 min  in
 cooling centrifuge at 4 ◦C following the procedure as modiﬁed
rom Castrillo et al. [14] and Yamaki and Ishikawa [20]. The resid-
al was dissolved in water and desalted using dialysis method. The
esidue solution was retained inside the dialysis bag and put inside
he beaker which contained deionized water at 4 ◦C, 24 h (change
eionize water 3 time in 24 h) following the procedure as modi-
ed from Blaber [21]. After dialysis, the solution was  centrifuged
t 12,000 x g for 30 min  in a cooling centrifuge at 4 ◦C and kept a
esalted extract inside brown bottles at 3 ◦C following the proce-
ure as modiﬁed from Yamaki and Ishikawa [20].
.5.2. Enzyme assays
The total sucrose phosphate synthase activity (SPS) activity
as obtained using a 100 l of desalted extract incubated in
 mixture containing 100 mM  Mops-NaOH (100 mM Mops and
000 mM NaOH, pH 7.5), 15 mM MgCl2 (magnesium chloride),
0 mM fructose 6-phosphate, 50 mM glucose 6-phosphate and
0 mM UDP-glucose (uridine diphosphate glucose) in a ﬁnal vol-
me  of 100 l. The reaction mixtures were incubated at 37 ◦C and
topped at 0 and 30 min  by the addition of 200 l of 30% (w/v) KOH.
ll remaining fructose 6-phosphate and fructose were destroyed
y putting the tubes in boiling water for 10 min. After cooling, a
 ml  mixture of 0.15% (w/v) anthrone in 13.6 M H2SO4 was added
nd incubated in a 40 ◦C water bath for 20 min. After cooling,
he absorbance was measured at wavelength 620 nm following a
rocedure modiﬁed from Hubbard et al. [13,22]. The SPS activity
as expressed as Units sucrose min−1 g−1 fresh weight (U sucrose
in−1 g−1 fw).
Sucrose synthase activity (SS) activity was  measured in the
irection of sucrose synthesis. The reaction mixture contained,
n a ﬁnal volume of 100 l: 10 mM PBS [10 mM 1Na (sodium
hosphate monobasic) and 10 mM 2Na (sodium phosphate diba-
ic anhydrous), pH 7.4], 15 mM MgCl2, 10 mM UDPglucose, 10 mM
ructose and 100 l desalted extracted. The reaction mixtures were
ncubated at 37 ◦C and stopped at 0 and 30 min  by the addition of
00 l of 30% (w/v) KOH. All remaining fructose 6-phosphate and
ructose were destroyed by putting the tubes in boiling water for
0 min. After cooling, a 4 ml  mixture of 0.15% (w/v) anthrone in
3.6 M H2SO4 was added and incubated in a 40 ◦C water bath for
0 min. After cooling. the absorbance was measured at wavelength
20 nm following the procedure as modiﬁed from Hubbard et al.
22] and Castrillo et al. [14]. It was expressed as U sucrose min−1 g−1
w.
Acid invertase activity (AI) activity measured from reaction mix-
ures of 900 l, which contained 200 mM citrate-phosphate (pHnal of Life Sciences 72–73 (2015) 7–12 9
4.5), 200 mM sucrose, 200 mM 2Na (sodium phosphate dibasic
anhydrous) and 100 l desalted extract, was used to determine acid
invertase activity. The reactions mixtures were incubated at 37 ◦C.
The enzyme reactions were stopped at 0 and 60 min, 100 l DNS
reagent [17] was added. The tube was  then placed in boiling water
using a hot water bath for 10 min. After cooling, the absorbance was
measured at wavelength 540 nm in a spectrophotometer model
U-2001 Hitachi. For 900 l reaction mixtures, which contained
200 mM citrate-phosphate (pH 7), 200 mM sucrose, 200 mM 2Na
and 100 l desalted extract, was used to determine neutral inver-
tase (NI) activity. The procedure as modiﬁed from Hubbard et al.
[22] and Jaleel et al. [11] was  followed. Results were expressed as
U hexose min−1 g−1 fw.
2.6. Statistical analysis
The experiments were laid out using a completely random-
ized design (CRD). Four replicates per treatment and three samples
per replicates were evaluated for their growth and development.
The data were analyzed using Analysis of Variance (ANOVA).
Whereever possible, mean comparisons were made using the Dun-
can’s multiple range tests (DMRT) at p≤0.05. Statistical analysis was
carried out using the SAS system.
3. Results and discussion
3.1. Physical changes
Mango fruit weight, width and length of mango cv. Jinhwang
signiﬁcantly increased during growth (Table 1, Fig. 1). The length
of mango is 58% of its width at the end of maturity (140 DAA). The
growth of this mango cultivar in term of length and width nearly
reached maximum at 110 DAA; however, the weight continued
to slightly increase until 130 DAA at full maturity. It showed the
growth of fruit reaches to maturation in 110-120 DAA [5]. Growth
is a quantitative process which results in an increase of fruit weight
and volume [23]. The growth patterns of mango divided into three
stages which vary between cultivars, climatic and cultural factors
[6].
Fruit ﬁrmness increased from 5.35 kgf at 50 DAA to 9.25 kgf
at 110 DAA and decreased to 8.05 kgf at 140 DAA (Table 1). This
showed that fruit ﬁrmness started to decline after 110 DAA until fullFig. 1. The growth and development stages and peel colour of mango fruits cv.
Jinhwang harvested at 50, 80, 110 and 140 days after anthesis (DAA).
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Table 1
The average weight, width, length, ﬁrmness, total soluble solids (TSS), titratable acidity (TA) and pH of mango fruits cv. Jinhwang at 50, 80, 110 and 140 days after anthesis
(DAA)  development stages.
Treatment Physical characteristics and chemical composition
Weight (g) Width
(cm)
Length
(cm)
Firmness
(kgf)
TSS
(oBrix)
TA
(%)
pH
50 DAA 22.71 da 3.05 d 5.68 c 5.35 c 7.37 a 3.79 b 3.61 b
80  DAA 322.00 c 7.46 c 14.28 b 8.66 ab 6.94 b 4.63 a 3.15 c
110  DAA 604.88 b 9.22 b 17.65 a 9.25 a 7.06 ab 1.50 c 4.06 a
140  DAA 1025.87 a 10.60 a 18.39 a 8.05 b 6.09 c 1.12 c 4.02 a
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ta Means followed by the same letter in a column are not signiﬁcantly different, bu
P≤0.05)  by DMRT.
auses softening of several fruits. This involves the degradation of
ellulose components, pectin components or both [25].
.2. Bio-chemical changes
TSS content of mango gradually decreased during fruit develop-
ent (Table 1) because of a decline in the amount of carbohydrates
nd pectins, partial hydrolysis of protein and decomposition of
lycosides into sub-units during respiration [26]. Different results
ere observed by Quintana et al. [6] who reported that TSS of
ango increased gradually up to maturity.
TA in mango increased from 3.79% at 50 DAA to 4.63% at 80
AA and then drastically decreased towards the end of maturity
hile pH slightly increased throughout growth and development
Table 1). Similar to Soares et al. [27] who observed that pH of
uava increased during the different maturity stages whereas TA
ncreased in the immature and intermediary stage of maturation
nd decreased in the maturity stage. In general, young fruit contain
ore acids that declined throughout maturation until ripening due
o their conversion to sugars (gluconeogenesis). An increase in the
H and TA show the formation of organic acids during maturation.
Fructose content was higher than glucose and sucrose contents
uring fruit growth and development, however during maturity,
he sucrose content was signiﬁcantly higher than glucose content
Fig. 2A). Fructose and sucrose contents increased until maturity,
hile glucose content increased at 80 DAA and later decreased at
aturity stage. Sucrose accumulation occurred later in fruit devel-
pment and ﬁnal sucrose concentration was a high achieved at
aturity [28]. Fructose seems to be more effective than sucrose
nd glucose in promoting fruit set [29] and it is the predominant
ugar in mango [25].Starch content signiﬁcantly increased from 17.11% DW at 50
AA to 33.83% DW at 80 DAA, thereafter rapidly decreased to
5.87% DW at 140 DAA (Fig. 2B). The increase in starch content
hat accumulated in the initial stage of fruit development [6] and
So
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50 7060
(A)
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9080 100
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Glucose
Fructose
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ig. 2. Changes in soluble sugar contents (A) and starch content (B) of mango fruits cv. J
he  mean of four replications and vertical bar indicate the standard error.ns followed by different letters in a column signiﬁcantly different at the 95% a level
the reduction in starch content is related to increases in amylase
activity during ripening of the mango fruit [30]. During ripening,
starch is catabolized into glucose and fructose, which enters the
metabolic pool where they are used as respiratory substrates or
further converted to other metabolites [25]. In this study, similar
results were observed by Moscatello et al. [10], who  reported the
contribution of starch was increased approximately 120 days after
full bloom (DAFB) and decreased thereafter until harvest.
3.3. Physiological changes
The respiration rate and ethylene production of mango fruit at
50 DAA stage was higher than at 80, 110 and 140 DAA (Fig. 3). The
climacteric peak occurred at 3, 7, 11 and 14 days after sampling
(248.72, 247.96, 301.01, and 348.38 mg  CO2 kg−1 h−1, respectively)
at 50 DAA. The respiration peak at 80 and 140 DAA  was  reached in
4 and 7 days after sampling (134.38 and 159.54 mg  CO2 kg−1 h−1)
(Fig. 3A). Moreover, the respiration rate at 140 and 110 DAA were
steadily increased until 18 days after sampling, and thereafter the
fruit occurred ripening and deterioration. The ethylene peak during
mango development at 50 DAA occurred in 3 days after sampling
(3.52 l C2H4 kg−1 h−1) while the ethylene production rate of fruit
at 80, 140 and 110 DAA remained almost constant until the end of
sampling (Fig. 3B).
High respiration rate and ethylene production in young fruit
occurs because of the active growth of the fruit [31]. The period of
declining respiration rate of mango cv. Carabao from 4-7 weeks
after fruit set was  associated with the time of cell enlargement
rather than cell division. Decline in respiration rate is also asso-
ciated with enhanced deposition of cutin and the replacement
of stomata with lenticels which would both tend to restrict gas
exchange [6]. The increase in respiration rate after the end of
sampling (Fig. 3A) was  suggested of the onset of the climacteric
rise characteristic of mango fruit entering the ripening phase [6].
As the fruit develop, was increased in pericarp thickness and the
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Fig. 3. Changes in respiration rate (A) and ethylene production rate (B) of mango fruits cv. Jinhwang harvested at 50, 80, 110 and 140 days after anthesis (DAA). Each value
is  the mean of four replications and vertical bar indicate the standard error.
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ruits  cv. Jinhwang harvested at 50, 80, 110 and 140 days after anthesis (DAA). Each
eposition of waxes on the fruit surface. This increase leaded to the
eduction of skin permanence and low ethylene production rate
ith advancing fruit maturity [31]. The increase of ethylene pro-
uction in fully mature fruit (Figure 3B) was also appeared in fully
ature of mango fruit [6].
.4. Enzyme activities in sucrose metabolism
SPS and SS enzyme activities were low during growth and devel-
pment of mango fruit (Figure 4A). During the initial stages of
rowth, SPS activity was higher than SS activity, then reduced after
0 DAA until 140 DAA. In contrast, SS activity signiﬁcantly increased
rom 2.22 U sucrose min−1 g−1 fw at 50 DAA to 10.96 U sucrose
in−1 g−1 fw at 110 DAA, thereafter rapidly decreased to 0.46 U
ucrose min−1 g−1 fw in maturity stage at 140 DAA. The cleavage of
ucrose by SS in the cytosol provides substrate for starch synthe-
is [11]. Sucrose accumulation occurred only after the enzymatic
apacity to synthesize sucrose exceeded the enzymatic capacity to
egrade sucrose [22]. The lack of sucrose accumulation appeared
o be the result of a greater capacity for degradation compared to
ynthesis of sucrose and suggestive of sucrose turnover [13].
The activities of AI and NI enzymes were high during growth and
evelopment (Fig. 4B). The decrease in AI was associated with an
ncrease in the sucrose pool and concomitant decrease in glucose
nd fructose concentration during 110 to 140 DAA (Fig. 4A). The
I and NI activities signiﬁcantly decreased from 144.06 and 123.17
 hexose min−1 g−1 fw at 50 DAA to 47.98 and 66.57 U hexose
in−1 g−1 fw at 80 DAA. Thereafter, the AI activity slightly increasedactivities (A), acid invertase (AI) and neutral invertase (NI) activities (B) of mango
 is the mean of four replications and vertical bar indicate the standard error.
to 74.4 U hexose min−1 g−1 fw at 140 DAA while NI activity slightly
decreased to 76.40 U hexose min−1 g−1 fw at 140 DAA after matu-
rity. Sucrose degrading enzymes play an important role in sucrose
accumulation [7]. AI may  serve as a key enzyme in hexose biosyn-
thesis in young melon fruit [22]. High invertase activity in peach
fruit corresponded to the time when cell division was occurred
Acid invertase activity increased in mature fruit when sucrose was
also accumulating. This relationship indicates that sucrose accu-
mulation in mature peach fruit was not the result of the reduction
of acid invertase activity [32]. Similar results were represented in
muskmelon [29,33] and kiwifruit [10] that the AI and NI activity
patterns declined during fruit development.
4. Conclusions
Fruit reached physiological maturity at 110 DAA  which is this
stage the fruit reached the highest ﬁrmness, TSS and fructose
content, as well as lowest of TA, respiration rate and ethylene
production. Both physical and bio-chemical components increased
from 50 DAA to 80 DAA except TSS that tended to decrease which
were associated with decreases in invertase. During the maturity
stage, the reduction in fruit ﬁrmness was related to decrease of
bio-chemical components and SPS activities. The declines of glu-
cose and fructose contents are related to the increase in sucrose
concentration during starch accumulation. The AI and NI activities
were higher than SPS and SS activities, In addition, both AI and NI
are major sucrose metabolism enzymes that are important during
fruit growth and development.
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